l Introduction
Let C be an elliptic curve (an abelian variety of dimension one) defined over the field Q of rational numbers. A minimal Weierstrass model for C at all primes p in the sense of Neron [3] is given by a plane cubic equation of the form where α^ belongs to the ring Z of integers of Q, the zero of C being the point of infinity. Following Weil, we define the conductor N of C by all p where Δ denotes the discriminant of C, and n p is the number of components of the Neron reduction of C over Q without counting multiplicities. It is well-known that the p-exponent of N is 0 for non-degenerate reduction 1 for multiplicative reduction
for additive reduction and p Φ 2,3 2 for additive reduction and p = 2,3 .
Therefore both JV and Δ of a minimal model are divisible exactly by those primes at which C has degenerate reduction. (See Ogg [6] , [7] ).
We consider the problem to find all the elliptic curves over Q of given conductor N. As we may reduce this problem to find the rational solutions of the diophantine equation y 2 = x 3 + k with k e Z, there are only finitely many such curves by virtue of Thue's theorem. Ogg [5] , [6] has found all the curves by showing that they have a rational point On the other hand, Miyawaki [1] has culculated all the curves of prime power conductor with a rational point of finite order >2.
In Moreover, we get some results on the elliptic curve which has multiplicative reduction at 2 and p, and these are generalizations of the results of Ogg [6] . (Section 4). In Appendix all the elliptic curves of 3-power conductor are determined.
Diophantine lemma
We prepare all the diophantine results we need afterwards.
LEMMA. minimal at all p. If these coefficients are not integers, they can be made integers by a translation. Now we propose to find all possible p such that the discriminant of (3.2) is
The only non-zero integral solutions of the equations below for a given odd prime p are as follows:
This result will give the determination of all C above up to isomorphisms. At first, dividing the curve (3.2) by the group generated by (x, y) = (0,0), we have an isogenous curve of degree 2 given by
which also has a rational point {x, y) = (0,0) of order 2. Its discriminant is 2- The minimal models with integral coefficients for p = 7,17,73 are following: Table 1 . Remark. We see that the members in each N above are isogenous to each other. (See Velu [9] ). For p = 2, see Ogg [5] . It is well known that N Φ 7.
The case of JV = 2 m p n
In this section we deal with the case N = 2 m p n for odd prime p and generalize the results of Ogg using his ideas ( [6] , §2).
Let K = Q(C 2 ) be a Galois field generated by the group C 2 of 2-division points on the elliptic curve C defind over Q. For each prime p, e p denotes the ramification degree of K/Q at p. Then we know the following results:
LEMMA (Ogg [6] Suppose that C has no rational point of order 2, then an irrational point (x, y) of order 2 is (r, 0), where r is a root of f(X) = X 3 + α 4 X + α 6 and rgβ. Therefore the ramification degree e 2 at the prime 2 of Q(r)/Q is 3 under the assumption as we have seen. Considering the discriminant of this cubic field, we see that α 6 is even. If α 4 is odd, then x = 0 refines to a root r of f(X) in Q 2 by Newton's method. This is a contradiction. Put α 4 = -2tt, α 6 = 2i;. Then 8π 3 Proof. We can take a defining equation for C of the form
with aj e Z, minimal at all p Φ 2, and such that we do not have 2 
Remark.
We know that n = 1 or 2 only if p ^ 5. For p = 3, Ogg [6] 
Supplementary discussions
We can find all the curves of some other conductors N with a rational point of order 2 so long as the corresponding diophantine equations can be solved as in the previous sections. .2) in Section 3 with Δ = ±p μ q% we get 136 curves of (p, g) = (3, 5) , (3, 13) , (11, 5) , (19, 5) , (3, 37) , (3, 61) , (59,5), (11,53) and m, n = 1 or 2. Moreover, a fortiori, we can find all the curves of a given conductor N with a rational point of order r > 2 so long as the corresponding diophantine equations can be solved. In fact, for example, if N -2 m p n , and r = 4 (cyclic), then such curves can be defined by
with s, t e Z, s > 0, minimal at all p Φ 2, and these curves are isogenous to
which have three rational points of order 2. Then we have either p = 2 k ± 1 (k ^ 1) or N = 2 5 p 2 , 2 6 p 2 for all p. In particular, we have only 2V = Π n for m = 0 and the curves are included in Table 1 in section 3. As another example, suppose N = 2 m p n and r = 6 (non-cyclic, that is, curves which have both a rational point of order 2 and of order 3); then we have N = 14, 20, 34 and 36 as Table 2 2 -27x = 0) in addition to these for N = 14 (resp. 20; 36), and the 6 or 4 curves for N = 14,20,36 are isogenous to each other of degree 2 or 3. Table 2 . (4α 2 -αi)(2α 4 -α^)} = 0
with the discriminant ±2 12 3^ or ±2 12 3 //+12 respectively. Then, since this should coincide with (A-l), a λ is even by (A-2). If <z 3 is even, then (A-2) is minimal at 2, and so the conductor of the model is 2 m 3 w (m > 0). Hence we may put α 3 = 1 by a transformation x -> x + r(r e Z). Finally 3|α 2 in (1.1) since C has an additive reduction at 3. Hence we may put α 2 = 0.
Now we can determine all the curves of N -3*. By the above Lemma, the discriminant is Δ = -2 6 al -27(1 -4α 6 ) 2 = ±3" , and so (1 -4α 6 ) 2 = (4c 4 ) 3 + 3^~3 with α 4 = -3c 4 . We see that v is odd, looking modulo 8. On the other hand, all the integral solutions of the equation y 2 = x z + S n with x = 0 (mod 4), 2\n and n ^ 10 are given by: Therefore we get the Table below by taking into consideration that we have a better model whenever μ ^ 15. The 8 curves listed are all nonisomorphic and the 4 curves of N = 27 are isogenous to each other of degree 3. 
